INTRODUCTION
Due to the high albedo and thermal insulation of snow, it plays an important role in the global energy and water balance, e.g. it changes the runoff characteristics of a catchment and influences the soil moisture and evaporation°. Up to 53% of the northern hemisphere and up to 44% of the world land mass can be covered with snow at any given time2). World wide one third of the water used for irrigation is temporarily stored as snow3).
Due to the sensitivity of the microwave emission of snow to the snow grain size and the snow water equivalent (SWE), passive microwave satellite observation (brightness temperature) can be used to monitor the snow depth or SWE and the snow state (dry/wet)4).
The objective of the field work at the Local Scale Observation Site (LSOS) in Fraser was to create a detailed data set of radiometric observations of snow covered terrain in combination with the actual snow pack state in order to evaluate and improve current radiative transfer models for snow.
A possible application for radiative transfer model is the development of physical based algorithms to observe the SWE, e.g. by introducing the observed brightness temperature into land-surface schemes or snow models using data assimilation.
The paper is separated into five parts. After the introduction, the experiment set-up and the observations are introduced.
The third section provides an analysis of the seasonal change of the observed brightness temperature. Afterwards the DMRT theory is briefly introduced and modeling results are presented.
The paper concludes with some final remarks. (2) Field Experiment The main target of the field work was the observation of the brightness temperature of a seasonal snow pack in combination with the The ground based brightness temperature observations have been implemented by means of the 7 channel Ground Based Microwave Radiometer (GBMR-7). The GBMR-7 is a dual polarization, multi frequency passive microwave radiometer, which observes the brightness temperature at 18.7, 23.8, 36.5 and 89.0 GHz. The radiometer was developed to provide frequencies similar to those of the Advanced Microwave Scanning Radiometers AMSR-E on Aqua and AMSR on ADEOS-II. Table 1 shows an example of the data collected during a snow pit from Feb. 19, 20038).
The snow density profile was collected by measuring the snow density every 10 cm using a density cutter. At each level 2 measurements were done.
The snow particle size was also recorded according to the snow stratigraphy. At each level, three different snow grains were selected, which represented a typical small, medium and large snow grain. For each selected grain the longest axis and the one perpendicular to it were recorded. d) Automated Weather Station & Soil Probes
The automated weather station (AWS) was installed to continuously monitor the meteorological conditions at the site.
The data set includes wind speed, wind direction, air temperature, relative humidity, downward longwave and short wave radiation and precipitation. Furthermore ten soil temperature and six soil moisture sensors were connected to the AWS. The soil probes where installed at two different locations at different depths (see also Fig. 1) .
The AWS including the soil probes was installed before the start of the winter season. The system was continuously running between October 1, 2002 and March 29, 2003. The data was stored using a 10 min resolution (average). Accumulated snow affects the emission from the underlying ground, due to the volumetric scattering effect of the snow grains, therefore snow on the ground results in a microwave emission on top of the snow cover that is less then the emission from the underlying soil4). The scattering effect increases as the number of scatterers and their size increases. Furthermore the scattering effect is also frequency dependent and increases as the frequency is increasing.
The change of the snow brightness temperature at 18.7 and 36.5 GHz (horizontal) due to snow accumulation is displayed in the left graph of Fig. 4 . The right graph displays the difference between both frequencies, the so-called spectral gradient, and the total observed SWE.
With the exception of the case for March, the results in Fig. 4 The snow grain size was estimated by minimizing the difference between the modelled and observed brightness temperature at 18.7 and 36.5 GHz. The difference between both values was expressed by calculating the Mean Square Error (MSE). During the minimization of the MSE, the snow grain size was adjusted.
For the current application only a single snow layer was considered, therefore the found snow grain size, is a representation of the vertical grain size profile. Furthermore because the model is a one-layer model, also the other snow parameters, such as snow density (fractional volume) and temperature have been averaged over the vertical profile. For Feb. 19 the model input for the fractional volume was 0.25 and 270 K for the snow temperature.
The calculated grain size for Feb. 19 using the DMRT was 1.2 mm, which agrees well with the observed average grain size (1.1 mm).
The graphs in Fig. 7 show a good agreement between the modeled and observed brightness temperature data. The error increases at higher observation angles. Also the error at the vertical polarization is comparable or higher than the error at the horizontal polarization. In addition the error is larger for the 36.5 GHz channel compared to the 18.7 GHz channel.
Several problems can explain the error between the modeled and observed values. As stated, the model did not consider the actual stratigraphy of the snow, which for example will neglect scattering effects between snow layers, e.g. snow-ice-snow. Also in current radiative transfer models for snow, the snow grain is assumed to be of spherical form and the distribution of the snow particle size is assumed to follow the shape of a log-normal distribution. In addition for the scans at different observation angles, the assumption that the snow pack and also the soil conditions are the same might not be true. Furthermore at high observations angles, it might be necessary to consider the influence of the surrounding trees at the LSOS. Further studies need to be performed to quantify the effects on the radiative transfer modeling.
DISCUSSION & OUTLOOK
Due to the combined observation of structural snow pack properties and the snow brightness temperature data, the data set will be useful to evaluate current radiative transfer models for snow and help to identify their limitations.
The results achieved using the DMRT theory, show the possibility to use this approach to model the radiometer brightness temperature using observed data in the field, still several problems have been identified, which need to be addressed.
Furthermore the observed meteorological forcing data can be used for snow modeling and will help to develop relationships between the observed and modeled snow grains and their representation in current radiative transfer model for snow, which is e.g. necessary for data assimilation of satellite observations into land-surface schemes or snow models.
All data13) will be released to the public on October 1, 2004 and are available from the website of the NSIDC (http://nsidc.org/datalclpx).
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